, and RK2-derived plasmids were introduced into Acinetobacter sp. strain HO1-N and Acinetobacter calcoaceticus BD413 by transformation and conjugal mobilization. The transformation frequencies of BD413 were 4.2 x 106 to 6.3 x 106 transformants per ,ug of DNA per 109 recipient cells. Conjugal mobilization frequencies were 1.1 x 10-1 to 8.5 x 10-1 per recipient. An improved method for the transformation of A. calcoaceticus BD413 is reported.
Mandel and Higa (16) , Lederberg and Cohen (15) , Kushner (13) , and Eichenlaub and Steinbach (10) . Transformations were carried out for 1 h and were terminated by the addition of DNase to 5 ,ug/ml. Transformants and exconjugants carrying R300B, pTB107, and pRK290 were selected on L-agar plates containing sulfadiazine, kanamycin, and tetracycline, respectively; clones carrying RSF1010, pKT230, pKT231, and pKT248 were selected on streptomycincontaining medium.
Donor E. coli strains used in mobilization studies were constructed by transforming HB101(pRK2013) with plasmids R300B, pTB107, pRK290, RSF1010, pKT230, pKT231, and pKT248. Acinetobacter recipients were HO1-N Rif' and BD413 Rif. Matings were performed on filter membranes as described previously (22) .
The stability of cloning vectors was determined as described by Lanka and Barth (14) . Plasmid-carrying Acinetobacter clones were grown in L broth under nonselective conditions for 20 generations, after which 200 colonies isolated on L-agar plates were tested for plasmid-specified antibiotic resistance by replica plating.
The results from transformation of A. calcoaceticus BD413 with plasmids are shown in Table 1 . Procedure E was a modification of procedure D in which overnight L-broth cultures of recipient cells were diluted 1,000-fold to ca. 106 cells per ml in L broth, permitted to grow at 30°C to a cell density of 4 x 106 to 6 x 106 cells per ml, and then transformed with plasmid DNA for 1 h at 30°C while the cells were actively growing. Coupled with a 1-min heat shock at 40°C, this procedure resulted in significantly increased levels of transformants (40-to 100-fold greater) containing plasmids R300B, pTB107, RSF1010, and pRK290 (Table 1) . Further modifications, including treatment of recipient cells with calcium, magnesium, glycerol, or dimethyl sulfoxide, failed to increase the levels of transformants. The frequencies observed using procedure E were similar regardless of whether plasmid DNA was purified by CsCl density gradient ultracentrifugation or precipitated directly from lysates after a high-speed centrifugation to remove chromosomal DNA.
Transformation frequencies were independent of the source of the transforming DNA, and no evidence of restriction was observed. All transformation procedures listed in Table 1 were performed with 1, 5, and 10 ,ug of plasmid DNA; transformation with 1 ,ug of DNA proved to be saturating in all cases. With procedure E, using approximately 5 x 106 recipient cells of BD413, maximum transformation frequencies were reached when 0.4 ,ug of plasmid R300B or RSF1010 was used as transforming DNA. Acinetobacter sp. strain HO1-N was not transformable with plasmid DNA under any of the conditions examined. Transformation frequencies with plasmid RSF1010 (8.5 kb) were virtually identical to those observed with R300B (8.5 kb), yet no transformants of BD413 were obtained with plasmid pKT230 (11.9 kb), pKT231 (13 kb), or pKT248 (12.4 kb). A possible restriction barrier does not account for the lack of transformants because (i) pKT230, pKT231, and pKT248 purified from exconjugants of BD413 also failed to transform BD413, and (ii) transformation of BD413 with the parental plasmid RSF1010 occurred at high frequencies (Table 1) . A second possible explanation, attributing the lack of transformants to a strict size limitation imposed on the transforming plasmid DNA, is equally unlikely because (i) transformants of BD413 containing pTB107 (10 kb) were readily obtained, and (ii) transformants containing pRK290 (20 kb) were obtained at low frequency (Table 1 ). At present, the reason for the failure of pKT230, pKT231, and pKT248 to transform A. calcoaceticus BD413 is unknown, necessitating that these vectors be first introduced into E. coli and then mobilized into the Acinetobacter strain.
Several similarities were noted between chromosomal transformation (8) and plasmid transformation in Acinetobacter spp.: (i) plasmid transformation was not dependent upon the addition of calcium, magnesium, or rubidium salts, nor upon preincubation of recipient cell cultures in specific buffers at reduced temperatures; (ii) plasmid transformation was dependent upon culture and transformation conditions that favored rapid recipient cell growth; (iii) any perturbation that retarded recipient cell growth resulted in depressed transformation frequencies; and (iv) the inability to transform Acinetobacter sp. strain HO1-N with plasmid DNA paralleled its poor performance as a chromosomal DNA recipient in earlier studies (8) .
Conjugal mobilization of cloning vectors from E. coli HB1O1(pRK2013) into A. calcoaceticus BD413 occurred at frequencies that were in excess of 10-1 per recipient for all vector plasmids examined (Table 2) , providing an attractive alternative to transformation for the introduction of cloning vectors into BD413. The mobilization of cloning vectors into Acinetobacter sp. strain HO1-N was uniformly 2 to 3 orders of magnitude less efficient. Transfer of the restricted-host-range helper plasmid pRK2013 (9, 11) occurred at frequencies that were 100-fold lower than those observed for transfer of the cloning vector, and replica plating revealed that fewer than 5% of the vector-containing Acinetobacter exconjugants carried pRK2013. When E. coli C600(pRK2013) containing the various cloning vectors was used as the donor strain, transfer frequencies for the IncQgroup plasmids were uniformly 100-fold lower (data not shown), and HB101 was the most efficient E. coli donor strain tested in matings with Acinetobacter spp. Mobilization of pRK290 into BD413 (Table 2 ) occurred at frequencies that were significantly greater than those previously published (9), probably reflecting recipient strain differences and the fact that previously performed matings were carried out for only 4 h on membrane filters (9) instead of under optimal conditions as described for A. calcoaceticus (22) . The effect of recipient strain differences was apparent when HO1-N was used as the conjugal recipient ( Table 2) . Frequencies of plasmid mobilization into HO1-N were 2 to 3 orders of magnitude lower than those observed for BD413, making A.
calcoaceticus BD413 the more desirable host for genetic cloning studies.
Plasmids R300B, RSF1010, pKT230, pKT231, and pKT248 were stable in both Acinetobacter strains after 20 generations of growth under nonselective conditions. The helper plasmid pRK2013 was unstable in Acinetobacter spp. and was retained by less than 0.001% of the cell population after only five to six generations of growth in antibiotic-free medium. Plasmid pTB107, an R300B derivative, was slightly unstable in both Acinetobacter strains (15% plasmid loss) but was easily stabilized by low-level selection with kanamycin (5 jig/ml) or sulfadiazine (10 ,ug/ml), with no apparent detrimental effect on the host cells. Plasmid pRK290 was highly unstable in both A. calcoaceticus BD413 (67% plasmid loss) and Acinetobacter sp. strain HO1-N (>99% plasmid loss). Low-level selection with tetracycline (1 to 5 ,ug/ml) stabilized pRK290 in cultures of both strains, but resulted in host cells that were osmotically fragile and exhibited lysis upon mixing or dilution. The surprising instability of pRK290 diminishes its potential as a vector for use in Acinetobacter spp. and may be a result of the deletion of DNA from RK2 (9) that in RP4 has been shown to specify a DNA primase required for stable plasmid maintenance (14) .
A host-vector system consisting of A. calcoaceticus BD413 and selected R300B or RSF1010 derivatives would allow simple complementation and cloning studies to be carried out in Acinetobacter spp. as they are routinely in E. coli. Although plasmid transformation frequencies for A. calcoaceticus BD413 are well below those obtained with E. coli, the levels of transformants are adequate for routine complementation studies. In addition, the added versatility of conjugal mobilization can be used to take advantage of the high-frequency transformation system of E. coli, followed by mobilization of recombinant plasmids into Acinetobacter spp. 
